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COMBINED ANHYDRIDES OF CARBOXYLIC ACIDS AND DIETHYIPHEOSPHEOROUS ACID

A, Ye. Arbuzov, P. I. AMmov
Chem Inst imeni Acad A. Ye. Arbuzov
Kazan' Affiliate, Acsd Sci USSR

ﬁhe line of investigation pursued by this grecup at the institute in ques-~
tion closely touches upon the synthesis of compounds having cholinesterase
inhibitor (nerve gas) activity. While the physiological properties of the sub-
stances synthesized in this inatance are not known, the results of the vork,
when utilized with that aim in view, would advance research on the preparation
of toxic organophosphorue compounds _7

In 1932, A. Ye, Arbuzov and B, A. Arbuzov (1) prepared the ethyl ester of
pyrophospherous acid for the first time by the action of bromine on the sodium
salt of diethylphosphorous acid and studied its properties. The esters of
pyrophosphorous acid were found to be highly reactive. They are anhydrides of
dialkylphosphorous acids apnd possess 8 symmetrical structure with two trivalent
phosphorus atoms:

s (A1k0)pP-0-P(QAlk )o

On further investigation of the properties of these compounds, it was
found that they enter into reaction with organic ecids. Thus » the action of
monobasic carboxylic acides -- isobutyric, butyric, isovaleric, crotonic,
caproic, benzoic, and toluic -- on the ethyl ester of pyrophosphorous acid

. yielded compounds which were found to be combined anhydrides of diethylphospho-
rous acid and the corresponding carboxylic acid of the general type RCUP(O(‘QHE,)Q.

This interaction takes place with the evolution of heat and the decomposi-
tion of the ethyl ester of pyrophosphorous acid into diethylphosphorous acid
and the combired anhydride » 8ccording to the equation:

RCOOH 4+ (C,H;0)5P-0-P(0C,Hs ), » (CoH50), POH + RCOOP(OCE; ),

The constants of the combined anhydrides obtained in this way are cited in the
appended table.
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All of the compounds obtained 8ccording to the scheme cited above boil at
higher temperatures than diethylphospherous acld; therefore, their separaticn
from the latter presents no difficulties. Only in the case of the combined
anhydride of acetic and diethylphosphorous acids does the boiling point of the
Produet nearly cofncide with thet of diethylphosphorous acid. The total mix-
ture of reaction products in this case distills orr within the range of 3 deg,
88 a result of which the combined achydride could not be isolated in the rure
form. Its presence in the mixture, however, wag proven by the action of water
(elevation of temperature) and sulfur. In the latter case, after the addition
reaction was completed, the combined anhydride of acetic acid apd the diethyl
ester of thiophosphoric acig vere isolated:

Rcoo-}l?- ( 002115 )2
s

The obtained combined anhydride was a colorless, mobile liguid, easily
decomposed by moisture of the eir. It Cistilled in vacuum without decomposi-
tion.

Like the esters of pyrophosphorous acld, the mixed anhydrides are also very
reactive., Under the action of water, they decompose 1into ddethylphosphorous
acid and the carboxylic acid, according to the following equation:

AY
o5l

The decomposition reaction 1s accompanied by a considerable e€volution of
heat. Thus, the action »f 0.17 ml of weter on 2.3 g of the ccmbined anhydride
of benzoic and diethylphosphorous acids raised the temperature of the mixture
from room temperature to 117°. For derivatives of aliphatic ecids the heat
evolution is considerably lower,

RCOOP(OCQHS )2 + H,C = RCOOH + HOP(0

The decomposition of a combined anhydride Yields constant boiling-point
mixtures of diethylphosphorous acid and the carboxylic acid in equimo)ecular
proportions, It was observed that thege azeotropic mixtures disti1l over within
the range of ope to 2 deg and that their boiling points are higher than thet of
either component separately., For example, the boiling point of butyric acid is
163° and of diethylphosphorous acid, 1849.1840 op 70%-71° at 30 mn.' A mixbure
of these in equimolecular proportions has a boiling polnt of 78°.79° at 12 pm,

These azeotropic mixtures were observed only in the case of aliphatic
acids but not in the case of aromatic acids. The formation of constant boiling-
point mixtures of diethylphosphorous and aliphatic acids wag verified by indi-
vidually conducted experiments.

Alcohol, 1like water, decomposes combined anhydrides, In this cage, the
reaction could be expected to proceed in two directions with the formation of
four substances:

\
I. CQHSOH + RCOOP(OCEHS;Q = RCOOH + (CEH5O)3P
1I. CoH0H + Rcoor’(ocgns)2 = RCOOC B, + (02550)21’0“
The experiments shoved that the reaction proceeds according to equation T.
The combined anhydrides, as compounds containing a trivalent phosphorus

atom, react with copper monohalides with the evolution of heat, ferming crystal-
line molecular compounds (the Arbuzov reaction),

9
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Combined anhydrides sad sulfur to form the corresponding compounds:
RCOOP(0CoEs ), + S = Rcoop(ocezzs)2

S

The substances ottained from the addition reaction are liquids which dis-
¥ill in a high vacuum with considerable decomposition, 88 a8 result of which 1t
1s difficult to isclate them in the pure form,

The action of ethyl iodide would be expected to convert the combined anhy-
drides into compounds containing a pentavalent phosphorus atom (Arbuzov isorer-
ization) in which the isomerization reaction must be accompanied by the split-
ting off of the alkyl halide or the acyl halide:

CZH5
0C235 0255 |
I. ROOOP(0CEs), + CosT = RCOO-PL —> RCO0-P * Gl I
’ ’ __\__937:255—[ |\00255 ?
722 i 0
Cols
o
II. RCOOP(OC2H5)2 + CEHSI - iRCO:O-P-(OCEHE)E % C2H5PO(OC2H5)2 + RCOI
[}
LT

An investigation orf the reaction products showed that the course of the
reaction was more complex than the schemes cited above would indicate, Besides
the isomerization products, which were obtained 8ccording to the riist scheme
and vere, in their turn, combined anhydrides of the carboxylic acid and the
monoethyl ester of ethylphosphonic acig » high boiling substances were also
obtained. The latter were colorless, mobile liquide with a weak odor, distill-
ing in e high vacuum with partial decomposition, Their nature ig being clari.
fied.

EXPERIMENTAL PART

The ethyl ester of pyrophosphorous acid was prepared according to the
method of A, Ye. Arbuzov and B, A, Arbuzov (2) by the action of the chloride of
diethylphosphorous acld on the sodium salt of diethylphosphorous acid:
bp, 102.50-1030 at 10 m; yield,~60% of the theoretical.

Preparation of Combined Anhydirides

1. Action of Isobutyric Acid on the Ethyl Ester of Pyrophosphorous Acid

To 7.8 g of the ethyl ester of Pyrophosphorous acid vere added 2.6 g
of iscbutyric acid. The temperature rose from 200 to 38.5%, 1o bring the
reaction to completion, the mixture was heated on & bath at g temperature of
100°-120° for 10 mir, after which 1t was distilled in vacuum, At 10 mm, the
vhole mixture distilled iy the interval 720-860, After several distillations,
the following two main fractions were separated: fraction I y bp 70°-710 at
10 m:n6 lag, ng 1,408 (apparently diethyétghosphorous acid); and fraction i1,
bp 86°-87° at 12 um, 1.1 g, n20 1 4212, af0 1.0233,

0o — 8 00700050034-7
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Found: P 15.32%, 15.37%
Calculated for CgHyoPO,: P 1h.5%

The isolated combined anhydride is a colorless, mobile liquid easily
soluble in ether, benzene , acetone,

2. Action of Butyric Acid on the Ethyl Egter of Pyrophosphorous Acid

In a distillation flask were mixed 9.8 g of the ethyl ester of pyro-
phosphorous acid and 3.4 8 of butyric acid. The temperature of the mixture
rose from 23° to k5O, After 10 min of hesting on a bath at 120°, the mixture
vas distilled in vacuum, At 11 m, the following two main fractions were sep- -
arated: fraction I, bg T1%-Tho, 3 8 g (diethylphosphorous acid); frection 11,
bp 93.5%.940, 2,0 8 nDO 1.4253, a 1.0289, found MR 51.71, calculated MR 52.15,

Found: P 15.024, 14.80%
Calculated for CBH]_'(POL’ P1h.9%
3. Action of Isovaleric Acid on the Ethyl Ester of FPyrophosphorous Acid

Nine and seven tenths grams of the ethyl ester of pyrophosphorous acid
vwere .. ved with 3.8 g of isovaleric acid. The initial temperature of the mix-
ture was 21°, but 2-3 min after mixing » the temperature rose to L4°, The reac-
tion vas brought to completion by heating the mixture on a bath at 1009, afier
which the reaction products vwere distilled in vacuum. The two following main
fractions were separated at 1] mm: fractigB I, bp 71°2-g2° (diethylphosphoroua
scld); fraction II, dbp 100°-101°, 2.5 8, o 1.4266, d4," 1.0078, found MR 56.51,
calculated MR 56.77.

Found: P 14.09%, 14,11%
Calculated for C9H19P0u: P 13.95%
P ’ L. Action of Crotonic Acid on the Ethyl Ester of Pyrophosphorous Acid

When 9.4k g of the ethyl ester of pyrophosphorous acid were mixed with
3.1 g of crotonic acld, the crystels of crotonic acid slovwly dissolved with a
8light evolution of heat. After 15 min of heating in a bath at 110°.120°, the
ligquid was distilled in vacuum. At 10 mm, the following fractions were
obtained: frec%ion I, bp 788-71° {d1ethylphosphorous acid) ; fraction II,
bp 103°-104°, nDO 1.501, &0 1.0575.

Found: P 15.29%, 15.32% 1
Calculated for CgHysPO,: P 15.04%

Fraction IT (103°-104° at 10 mm) was a dense, colorless liquid with a !
weak odor, easily soluble in benzene and acetone » less easily scluble in ether
and gasoline.

" 5. Action of Caproic Acid og the Ethyl Ester of Pyrophosphorous Acid

From 7.7 g of the ethyl ester of pyrophosphorous acid and 3.6 g of
caprole acid, after they had been mixed and the mixture had been distilled in
vacuum, the following were obtained:aodiethylpho Bhoroua acid and a fraction
with bp 118°.119° at 11 m, 2.5 g, ny~ 1.4310, d% 0.9917, found MR 61.08, cal-
culated MR 61,39,

Found: P 12.83%, 12.68%
Calculated for C10E7F0,: P 13.13%

R TR
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6. Action of p-Toluic Acid on %he Ethyl Ester of Pyrophosphorous Acid 3 (ERRF1
A mixture of 8.2 g of the ethyl ester of pyrophosphorous acid and 4.3g 2

of p-toluic acid reacted at room temperature with a slight evolution of heat,
Upon agitation, the crystals of pP-toluic acid slowly went into solution., Dis- o
tillation in vacuum resulted in the isolation of diethylghosphorous acid and a '

fraction with bp 116° at 1 m in & quantity of 3.5 g, 080 1.5029, a£0 1.1001. B -

Found: P 12.45%, 12.48% ‘?

Calculated for CipHy7PO,: P 12.11% i ;

The combined anhydride of p-toluic and diethylphosphorous acids is & s:_::_:_
colorless, mobile liquid, odorless, and easily soluble in benzene, ether, and i -

acetone.
T. Action of Benzoic Acid on the Ethyl Ester of Pyrophosphorous Acid

To 8.8 g of the ethyl ester of pyrophosphorous acid were added b g of
benzoic acid. After the crystals of benzoic acid had dissolved, the tempera-
ture rose by 9°. Distillation in vecuum yielded the following fractions:
bp 72°-75° &% 12 m, 4.3 g (d1ethylphosphorous acid); and fraction with
bp 124°.127° at 4 mm, 6.7 gy After a second distillation, the second fraction
had bp 202°-103° at 1 mm, n20 1.Lg74, 89 1.1193.

Found: P 13.224, 13.17%
Calculated for C11H35P0: P 12.81%
8. Action of Acetic Acid on the Ethyl Ester of Pyrophosphorous Acid

To 10.1 g of the ethyl ester of pyrophosphorous acid were added 2.3 g
of acetic acid. The reaction was accompanied by evolution of heat. The tem-
perature of ‘the mixture rose quickly from 21° to 46°, After heating for 5 min
on a water bath, the liquid was distilled in vacuum. At 11 mm, all the liquid
distilled in the interval of 68°-71° in a quantity of 11.8 g, with ng0 1.4149,

Since the boiling point of pure diethylphosphorous acid is ’{1°-72° at
11 mm, vhile that of the obtained mixture was 68°-71° at 11 mm, the substances
could not be separated, The pbresence of a combined anhydride of acetic and
diethylphosphorous acids in the mixture was proved by the action of water
(elevation of the temperature) and sulfur, in which case the corresponding com-
pound was isolated (see below).

Reactions of Combined Anhydrides

1. Action of Water on the Combined Anhydride of Isovaleric and Diethyl-
phnsphorous Acida

a. To 2.7 g of the combined enhydride was added 0.722 ml of water, In
a short time, the temperature of the mixture rose from 19° to 65°, After the
Teaction had terminated, the liquid was distjilled in vacuum. The boiling point
of the main fraction was 80°-81° gt 11 mm, n_Do 1.4075.
Found: P 13.24%, 13.27%

Calculated for (c5ﬁmo2 + Cu3111’°3)‘ P 12.91%

-5.
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b. Isovaleric acid in a quentity of 4.1 g and 5.53 g of diethylphous- L. L i

Phorous acid were mixed and the mixture distilled in vacuum at different pres- .

sures. The main quantity distilled in the following intervals:
I.  B84°-85° at 13.5 umm; ngc 14074

II.  87°-8%° at 17 mm; n20 1.ko7h

11, 123°.125° at 82 m; n§° 1.ho7h

Analysis of the fraction with bp 87°-89° at 17 m gave P 13.02%;
analysis of the fraction with bp 123°-125° at 83 m:

Found: P 12.91%
Calculated for (csztmo2 + ChHllP03): P 12,91%

2, Action of Water on the Combined Anhydride of Butyric and Diethylphos-
phorous Acids N

8. Ina distillation flask, 0.19 ml of water wag added to 2.2 g of
the combined snhydride. The temperature of the mixture rose from 25° to 73°,
The mixture was distilled in vacuug«0 the portion distilling off teing 2 g of a i
liquid vith bp 76°-78° at 11 m, oy 1.b057,

Fourd: P 1Lk.14%, 14.16%
Calculsted for {CyHg0, + ChHuPOB): P 13,71%

b. 3Butyric acid in the amount of 1.5 g and 2.3 g of diethylphospho-
rous =cid were mixed and the mixture distilled in vacuum. The boiling point of
the chief fraction was 78°.79.5° at 12 mm, n§° 1.%055. Thus butyric acid, like
isovaleric, forms an 8zeotropic mixture with diethylphosphorous acid,

. 3. Action of Water on the Combined Anhydride of Benzoic and Diethyiphos-
rhorous Acids

To 2.3 g of the combined anhydride in a distillation flask » 0.17T ml of
water was added from & micropifette. In a short time, the temperature of the
mixture rose from room temperature to 117°. Tbe mixture was distilled in vac-
uum. At 12 mm, a fraction with bp 70°-80° distilled off. At this point, the
temperature of the vapors of the liguid being distilled rose rapidly to 130°,
and the outlet tube of the flask became clogged with crystals, The distilla-
tion was stopped, whereupon the 1liquid remaining in the flask crystallized on \
cooling. The crystals were extracted with ether; the substance had a melting
point of 114°.1169; after recrystallization from hot water, the melting point
was 120°.121°, 4 test semple mixed with benzole acid melted at the same tem-
perature, Crystals of benzoic acid were obtained in the amount of 0.9 g (819
of theoretical). After a second distillation of the fraction with bp 70°-800
at 11 mm, 0.9 g of a substance with bp 70°-71° at 11 mm vas obtained; n20
1.4079; a20 1.0711. According to the constants it was diethylphosphorous acid 5
of which 1.3 g should have been obteined by theory.

L, Action of Alcohol on the Combined Anbydride of Benzoic and Diethyl-
phosphorous Acids

In a distillation flask, 1.2 g of absolute ethyl alcohol were added to

6.3 g of the combined anhydride. The temperature of the mixture rose from room
temperature to 56°, while at the same time » needle-like crystals separated out,
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The mixture was distilled in vacuum, At 13.5 mm, there distilled ofs 3.3 8 of
8 fraction witk bp 50°-53°, fhe temperature of the vapors of tpe liquid
rapidly rose to 130°%, and the outlet tube became clogged with crystals, The
liquid remaining in the flask crystallized on cooling., The crystals were
extracted from the flask, Their nelting point was 1160.118°, After recrystal-
lization from water, both the ordinary test sample and one mixed with benzoic
acid melted ut J20°-121°. Crystals of benzoic acid were obtained 1n the ameunt
of 2.3 g (74.2% of theoretical),

After redistillation of the fraction with bp 509-53°, there were
obtained 2.3 g of a substance with bp 50°-51.5° at 13.5 mp, According to the
coostants, the substance was the ethyl ester of phosphorous acid: ng 1.521%;
dgo 0.9629; found MR 42.8%; calculated MR 43,02,

5. Action of Sulfur on the Combined Anhydride of Acetic ana Diethylphos-
phorous Acids

Into a distillation flask were placed 6.9 g of the ethyl ester of
pPyrophosphorous acld, and 1.59 g of acetic acid were added, The mixture was
heated for 10 min on a bath at 120°. Since the boiling point of the combined
anhydride of acetic and dlethylphosphorous acids coincides with that of diethyl-
phosphorous acid s ¥hich is ulso obtained in this reaction » the mixture was not
separated, After cooling, 0.85 g of flowers of suifur wvere added to the nixture,
At normal temperature, no reaction occurred, but when the mixture was heated to
120° (thermometer in the liquid), solution of the sulfur took place rapidly. oOn
distillation in a vacuum the following fractions were obtained,

Fraction I. 70°.77° at 13 mu (diethylphosphorous acid)
Fraction I1. 92°-102° at 13 mm

° After redistillation, the aecgsd fraction had a boiling point of §3°-
96° at 3 mm; constants: ngo 1.k511; do 1.5105.

' Found: s 1k.6%; p 14,9, 14,849
Calculated for C6H]_3OJ+PS: 5 15.09%; P 14.62%
The combined anhydride of acetic acid and the diethyl ester of thio-
phosphoric acid is a mobile liquid with a weak odor and yellow color. Thc sub.

stance is insoluble in water, but easily soluble in ether, alcohol, and benzene,

6. Action of Sulfur on the Combined Anhydride of Caproic and Diethylphos-
phorous Acids

When a mixture of 2.7 g of the combined anhydride and 0.36 g of flow.
ers of sulfur was heated to 1200 (the thermometer in the liquid)} the greater
part of the sulfur dissolved. There was 0.1 g of residue. Distillation in
vacuum ylelded & main fraction with bp 1099-113° at 2 m, n§° 1.4508.

Found: S 11.51%, 11.k3%
Calculated for C10H90,PS: 5 11.94%

T+ Action of Cuprous Chloride on the Combined Anhydride of Isovaleric and
Diethylphosphorous Acids

Into a test tube containing 0.8 g of the combinea anhydride was placed

0.35 g of cuprous chloride. The temperature of the mixtureorose spontaneously
from 18° to 52°, on heating the test tube op a bath to 160°, the ma jor quantity

L

-
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of cuprnus chloride went into solution. The densge » transparent 1liquid was
poured out along with the cuprous chloride vhich did not react. After the mix-
ture had been allowed to stand for some time, & small quantity of well-formed
crystals separated out fram the liquid. These were isolated and pressed out
betveen sheets of filter paper: mp 105°-106°,
Found: C1 11.5%
Calculated for CgHyg0,PCuCl: C1 11,04%

8. Action of Ethyl Iodide on the Combined Anhydride of Isovaleric and
Diethylphosphorous Acids

~
A mixture of 6.8 g of the combined enhydride and 1 ml of ethyl 1odide
was heated in a sealed tube for 3 br at l35°—-.1h2°. After the tube cooled ;8
slight decrease in the voiume of the reaction liguid was observed, After addi-
tional heating for 1 hr at the same temperature, no change in volume had taken
place. The contents of the tube were transferred to a distillation flasgk y
ethyl iodide removed in vacuum, and the remaining liquid distilled. As a re-
sult of the first distillation » the following fractions were obtained:
Fraction I. 86°-105° at 11 m 0.5 ¢
Fraction II. 90°.130° at 3 mm 2.5 g
Fraction ITL 130%166° at 3 mm 2.5 g
Residue 0.3 g

After several distillations of fractions II and III, the following two
main fractions were separated:

I, 120°-122° at 11 wm 0.75 g, r€° 1.4312, dgo 1.0365
II. 150°154° at 2 mm 1.2 g, n§° 1.k382, dio 1.097h

. Analysis of fraction with bp 120°-122° gt 11 pm:

e

Fownd: H 8.37%; C 48.43%; P 14.21%, 1k.22%
Calculated for CoHyjgPOy: K 8.55%; C 48.64; P 13.95%

Fraction IT {(bp 120°-122° at 11 mm) was & mobile liquid with a weal
odor, insoluble in water but easily soluble in ether and benzepe. Therefore y
on the basis of the physical constants and analytical data, fraction II was the
combined anhydride of isovaleric ecid and the monoethyl ester of ethylphos-
phonic acid. The mature of fraction I has not been clarified.

CONCLUSIONS
. 1. By the action of isobutyric, butyric, isovaleric, crotonic, caproic,
benzoie, and p-toluic actds on the ethyl ester of pyrophesphorous acid, comtined
2niydrides of the type RCOOP(002H5 )2 were prepared for the first time,

2. These combined anhydrides are capable of reacting and undergding re-
actions characteristic of acid anhydrides.

\ . ) N " " ’ ’ . . : - ’ ‘
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3. Under the action of ethyl iodide, th el
» the combined anhydrid " :
1zed (the Arbuzov reaction) into compounds with a pentavalent phggpggsu:s::f;;- ‘{ . . ury

R-CO0P.0C, X .
g
’i‘

; In addition, high-boilin, b
; are. ohtrion &. gh g substences, whose structuresthave not, been clarified, }
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ﬁable tollows _7

Formulas and Constants of Combined Anhydrides T

. No
by
Order Pormula B o 20
3 in “C 20
=L P LUy Lo in T op dh

1 (caa')gczz-coop(oseﬁs)e 8¢€-87 av 12 mm 1,4212 11,0233
2 cn3-052-c32-000P(ocgﬁs)2 93.5-9%  at 1I mm 1.4253 1.0289
3 (CHS)2CH-CH2-COOP(OCEE=)2 100-101  at 11 =m 1.4266 1.co78

b CE3—CH-GH-COOP(0C?H5)2 103-104  at 10 mm  1.4501 1.0575
5 n—CannCOOP(OCEHS)e 118-119 at 11 mm  1.L310  0.9917
6 csas.coop(ocz,ﬁs)z. 102-2063 &t 1 mm  1.kg7h 1.1193

116 at 1 mm

7  p-CH,-C.H, -COOP(OC.H
2 285 )2 125-125.5 at 2.5 mm  1.5029 1.1001

(e’

~END .~
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